Comment on "Creating Metastable Schrodinger 
Cat States" 

In a recent Letter jlj Slosser and Milburn have pre- 
sented a very interesting model in which homodyne feed- 
back is used to produce a macroscopic quantum super- 
position of coherent states inside an optical cavity. Due 
to the interaction between the two modes supported by 
the cavity, and to the feedback mechanism, such a way 
of generating Schrodinger cat states turns out to be less 
sensitive to decoherence than previously proposed mod- 
els [|]-|4) which considered the Kerr effect in a nonlinear 
medium. In this Comment I would like to point out some 
considerations about the effectiveness of the scheme of 
Ref. §. 

The central result of Slosser and Milburn is given by 
Eq. (9) of Ref. M, which is a master equation for the 
mode a alone, after the feedback mechanism and the adi- 
abatic elimination of mode b have been included. In this 
equation, \ is the feedback gain and can be large. This 
fact indeed allows the authors of Ref. 0] to ignore the 
damping in the dynamics of mode a. This master equa- 
tion is similar to that for an anharmonic oscillator cou- 
pled to a zero-temperature bath || , apart from the phase 
diffusion term. Such a difference manifests itself, e.g., in 
the time evolution of the first moment, as illustrated in 
Eq. (13) of Ref. [EJ, which we rewrite here for convenience 
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where |ao) is the initial coherent state and C(xr) = 
2— exp(— 2ixr). As a result, the decay rate is independent 
of the initial photon number, whereas, for an anharmonic 
oscillator coupled to a thermal bath, this would not be 
the case [|||]. Moreover, as stated by Slosser and Mil- 
burn, an advantage of the present model should be that 
the value of \ 1S n °t an y longer related to the nonlinear 
coupling of a normal crystal and can be large. How- 
ever, for large values of x, the damping factor exp(— x 2 t) 
in Eq. (|I]) causes a fast decay as well. If one computes 
the variance of the approximate quadrature X 2 , it is easy 
to recognize the presence of a similar damping factor. In 
the plots of Fig. 2 of |lj this is visible, although the au- 
thors have chosen a rather small value \ = 0.1. For 
larger values of x the possibility of the formation of the 
Yurke-Stoler (YS) state §] is washed out within one re- 
currence time, similarly to Fig. 2(b) of (l). This is shown 
in Fig. [l], where the variance of the approximate quadra- 
ture X2 is plotted versus time for x = 0.3 and for two 
values of \a \ 2 . Already for this value of x, in both cases 
the generation of a "quasi" YS state is possible only in 
the first occurrence, for x T — tt/2: for later times such 
a possibility is destroyed by the presence of the damping- 
factor, just like in the case of an anharmonic oscillator in- 
teracting with a zero-temperature bath, as shown in Fig. 
2(b) of 0. Fig. I should be contrasted with Fig. 2 of 


Ref. Q. Thus, contrary to Slosser and Milburn's claim, 
increasing the value of x instead of helping the formation 
of a YS-type state, makes it more and more difficult. 
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1. Plot of the variance of the approximate quadrature 


FIG 

X2 as a function of time for x 


0.3. Top curve (solid line): 


|qo| = 4.0; bottom curve (dashed line): |ao| = 1-0. 

It seems to turn out that in order to reach the genera- 
tion of Schrodinger cat states in quantum optics, one has 
still to find media for which the ratio nonlinearity to dis- 
sipation is high [Spy . Alternatively, one could make use 
of other schemes M which utilize atom-field interactions. 
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